12 United States Patent

US009350894B2

(10) Patent No.: US 9.350,894 B2

Kasahara et al. 45) Date of Patent: May 24, 2016
(54) IMAGE CAPTURING SYSTEM USPC ......... 358/474, 497, 475, 509, 505, 453, 486;
382/282

(71) Applicant: PFU Limited, Kahoku-shi, Ishikawa
(IP)

(72) Inventors: Yuki Kasahara, Ishikawa (JP);
Masanari Takabatake, Ishikawa (JP)

(73) Assignee: PFU LIMITED, Ishikawa (IP)

( *) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by O days.

(21) Appl. No.: 14/230,923
(22) Filed: Mar. 31, 2014

(65) Prior Publication Data
US 2015/0181072 Al Jun. 25, 2015

(30) Foreign Application Priority Data
Dec. 25,2013 (IP) oo, 2013-267613

(51) Int.Cl.
HO4N 1/04
HO4N 1/195

(2006.01)
(2006.01)

(Continued)

(52) U.S.CL
CPC ... HO4N 1/19594 (2013.01); HO4N 1/00562

(2013.01); HO4N 1/0282 (2013.01); HO4N
2201/0081 (2013.01);

(Continued)

(58) Field of Classification Search
CPC ... HO4N 1/38; HO4N 1/3873; HO4N 1/00793;
HO4N 1/40; HO4N 2201/3274; HO4N 1/02813;
HO4N 1/193; HO4N 1/40056; HO4N 1/1013;
HO4N 1/0287; HO4N 1/19594; HO4N 1/00562;
HO4N 1/0282; HO4N 2201/0081; HO4N
2201/0084; HO4N 2201/0096; HO4N
2201/0446

[
/o
£

.
3 ""n..'_

UPWARD s
UPWARD/DOWNWARD ™-_
DIRECTION o

WARD
BACK '\FR:GHTIBAEI{ DIRECTION

FRONT

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6,088,470 A * 7/2000 Camusetal. ................. 382/117
6,822,690 B2* 11/2004 DIida ............cceoeveennnn HO4N 1/40
348/362

(Continued)

FOREIGN PATENT DOCUMENTS

JP 07-007605 A 1/1995
JP 09-200440 A 7/1997
(Continued)
OTHER PUBLICATIONS

Notice of Rejection Japanese Patent Application No. 2013-267613
dated Feb. 10, 2015 with full English translation.

Primary Examiner — Cheukian Lee

(74) Attorney, Agent, or Firm — McDermott Will & Emery
LLP

(57) ABSTRACT

An 1mage capturing system includes an 1image capturing unit
to photograph a medium placed on a medium 1nstallation
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1
IMAGE CAPTURING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2013-267613,
filed Dec. 25, 2013, the entire contents of which are incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to 1mage capturing systems.

2. Description of the Related Art

When an object 1s photographed using an 1image capturing,
unit such as a camera, there are many cases where the object
1s photographed using not only natural light but also light
emitted from a light source such as a fluorescent lamp or
LEDs. However, when the object 1s photographed using light
emitted from the light source, there are cases where the emis-
s10n light 1s specularly retlected on the surface of a document
depending on materials thereof, which degrades the quality of
an image. Thus, there are conventional image reading devices
in which a light source 1s arranged at a position facing a
direction 1n which specularly-reflected light reflected on the
document 1s not incident to the 1mage capturing umt (for
example, Japanese Laid-open Patent Publication No. 7-7605
and Japanese Patent No. 3739887). In addition, there 1is
another technique for suppressing the degradation of the
quality of the image due to specular retlection on the docu-
ment 1n which two light sources are arranged and emit light in
a time divisional manner, the object1s photographed using the
image capturing unit at the time of emitting light from each
light source, and the two 1images are synthesized together ({or
example, Japanese Laid-open Patent Publication No. 2001 -
268323).

However, when the document that 1s the object1s curved, a
position at which specular reflection 1s made on the document
may be different from a position at which specular reflection
1s made on a flat document. Accordingly, when the position of
the light source 1s arranged at the position at which specularly
reflected light retlected on the flat document travels toward a
direction other than the direction for the image capturing unit,
in a case where a document to be photographed 1s curved,
there 1s concern that specularly reflected light retlected on the
document travels toward the i1mage capturing unit and 1is
incident to the image capturing unit.

In addition, since specular retlection differs depending on
materials of a document, there are cases where emission light
emitted from the light source 1s not specularly retlected on the
document. In such a case, even when two light sources are
arranged, there are cases where 1t 1s not necessary to cause the
two light sources to emit light 1n the time divisional manner
and to synthesize two 1mages. Accordingly, 1t 1s very difficult
to approprately decrease the degradation of the image quality
due to specularly retlected light reflected from the document
regardless of the form of the document.

SUMMARY OF THE INVENTION

It 1s an object of the present ivention to at least partially
solve the problems in the conventional technology.

According to an aspect of the present invention, an 1mage
capturing system comprises a base unit arranged on a medium
installation face on which a medium to be read is placed; an
arm unmt extending upward from the base unit; a top unit
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2

extending from the arm unit so as to face the medium instal-
lation face; an 1image capturing unit configured to photograph

the medium; a lighting unit disposed 1n the top unit and
configured to rradiate the medium 1installation face; a light-
ing control unit configured to perform driving control of the
lighting unit; a scan instruction unit configured to 1ssue an
instruction to perform scanning to photograph the medium by
the 1mage capturing unit, and to generate 1mage data corre-
sponding to the medium; and a non-readable area determin-
ing unit configured to determine whether or not there 1s a
non-readable area at which information from the medium 1s
unable to be read by the image capturing unit due to reflection
of light that 1s emitted from the lighting unit and reflected at
the medium, based on an 1image corresponding to the medium
obtained by photographing the medium 1n a turned-on state of
the lighting unit, after the istruction to perform scanning 1s
issued and before the image data 1s generated. When the
non-readable area determining unit determines that there 1s
the non-readable area, the scanning 1s performed by turning
off the lighting unit by the lighting control unit when the
lighting unit 1s 1n a turned-on state, and when the non-read-
able area determining unit determines that there 1s not the
non-readable area, the scanning 1s performed in the turned-on
state of the lighting unat.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the mvention,
when considered 1n connection with the accompanying draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a schematic perspective view of a configuration of
an 1mage capturing system according to a first embodiment of
the present invention;

FIG. 2 1s a side view of the image capturing system 1llus-
trated 1n FIG. 1;

FIG. 3 1s a plan view of the image capturing system 1llus-
trated 1n FIG. 1;

FIG. 4 15 a perspective view of the lighting device 1llus-
trated 1n FIG. 1;

FIG. 5 1s a functional block diagram of the image capturing,
system 1llustrated in FIG. 1;

FIG. 6 1s an explanatory diagram of an image of a medium
where a non-readable area 1s not generated with a lighting
LED on;

FIG. 7 1s an explanatory diagram of an image of a medium
where a non-readable area 1s generated with the lighting LED
on;

FIG. 8 1s an explanatory diagram of illuminance at an
image capturing unit with the lighting LED on and the same
with the lighting LED off;

FIG. 9 1s a flowchart of a control sequence for scanning a
medium 1n the 1mage capturing system 1llustrated 1n FIG. 1;

FIG. 10 1s a flowchart of a procedure for determining
whether or not there 1s a non-readable area;

FIG. 11 1s a flowchart of a control sequence for scanning a
medium 1n the 1mage capturing system according to a second
embodiment of the present invention;

FIG. 12 1s a tlowchart of a control sequence for scanning a
medium 1n the 1image capturing system according to a third
embodiment of the present invention;

FIG. 13 1s a flowchart of a control sequence for performing,
photographing a plurality of times 1n a modification of the
image capturing system according to the first embodiment of
the present invention;
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FIG. 14 1s a functional block diagram of a modification,
which icludes a notifying unit, of the 1image capturing sys-
tem according to the first embodiment of the present mven-
tion;

FI1G. 135 15 a flowchart of a control sequence for delivering
a notification that a non-readable area 1s generated 1n a modi-
fication of the 1mage capturing system according to the first
embodiment of the present invention;

FIG. 16 1s an explanatory diagram of an image having a
light-unevenly-distributed portion;

FI1G. 17 1s an explanatory diagram of light amount obtained
from a photographed 1mage; and

FIG. 18 1s an explanatory diagram ol an image photo-
graphed with the lighting LED off.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, 1mage capturing systems according to
embodiments of the present mnvention will be described 1n
detail with reference to the drawings. However, the present
invention 1s not limited to such embodiments. In addition, in
constituent elements of the embodiment described below,
clements with which the constituent elements can be replaced
by those skilled 1in the art or elements that are substantially the
same as the constituent element are included.

First Embodiment

FIG. 1 1s a perspective view that illustrates a schematic
configuration of an 1mage capturing system according to a
first embodiment. FIG. 2 1s a side view of the image capturing
system 1llustrated 1n FIG. 1. FIG. 3 1s a plan view of the image
capturing system illustrated in FIG. 1. An image capturing
system 1 1llustrated in the FIGS. 1 to 3 1s a scanner system that
performs a scanning operation of generating image data of a
medium 6 by photographing the medium 6 that 1s a reading,
target disposed on a medium installation face 5 from the
upper side by a predetermined 1mage capturing unit. In the
first embodiment, as an example of the image capturing unat,
a smartphone 2 having a camera function will be described.
Here, “generating 1mage data™ described above denotes gen-
crating 1mage data obtained as a product of the scanning
operation, not just obtaining an 1mage by photographing as
usually performed by the smartphone 2.

The 1mage capturing system 1 according to the first
embodiment 1s equipped with a smartphone 2 and a lighting
device 3 which can mount the smartphone 2 at the time of
scanning by performing photographing using the smartphone
2. When the smartphone 2 1s mounted at a predetermined
position (on a mounting face 34 to be described later) of the
lighting device 3, the image capturing system 1 can position
the smartphone 2 precisely and can acquire a scan 1image of a
predetermined area 7 to be photographed (hereinafter, pho-
tographed area 7) using the smartphone 2. In the description
presented below, the upward/downward direction 1n FIG. 1
will be described as the upward/downward direction of the
image capturing system 1 and the lighting device 3, the front
side 1n FIG. 1 will be described as the front direction of the
image capturing system 1 and the lighting device 3, and the
rear side 1 FIG. 1 will be described as the back direction of
the 1mage capturing system 1 and the lighting device 3. That
1s, with respect to the 1mage capturing system 1, specifically,
with respect to a base unit 31, as disclosed in FIG. 1, a side
facing the medium 6 1s defined as the front side of the image
capturing system 1 and the lighting device 3, and an opposite
side to the front side 1s defined as the back side of the image
capturing system 1 and the lighting device 3. A direction from
the back side of the image capturing system 1 toward the front
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side of the image capturing system 1s defined as a front direc-
tion, and a direction opposite to the front direction 1s defined
as a back direction.

On the rear face of the smartphone 2, an 1mage capturing,
unit 21 performing a camera function 1s disposed. The image
capturing unit 21 can perform a scanning operation (here,
“scanning operation” means photographing a predetermined
photographed area 7, as described in the specification later) in
accordance with an operation mstruction transmitted from a
CPU 28 (FIG. 5) of the smartphone 2. In a state 1n which the
smartphone 2 1s mounted on the mounting face 34 of the
lighting device 3, the image capturing unit 21 can photograph
the entirety of a predetermined photographed area 7 and
generate a scanned image (i.e., a photographed i1mage)
including the entirety of the photographed area 7.

The lighting device 3 1s equipped with three members of a
base unit 31, an arm unit 32, and a top unit 33. Among these,
the base unit 31 1s arranged on the medium installation face 5.
The arm unit 32 1s connected to the upper face of the base unit
31 and upwardly extends from the base umt 31. Here, the
extending direction of the arm umt 32, as 1llustrated in FIGS.
1 to 3, may be a vertically upward direction or a direction
inclined to the front side (the side on which the medium 6 1s
disposed) or the back side (a side opposite to the side on
which the medium 6 1s disposed) from the vertically upward
direction.

The top unit 33 1s connected to the arm unit 32 and extends
from the arm unit 32 so as to face the medium installation face
5. In the first embodiment, as 1llustrated in FIG. 2, the top unit
33 is connected to an upper end portion of the arm unit 32,
extends to the front side at a position of a height at which the
arm unit 32 1s connected, and extends toward the upward
inclination from the horizontal direction.

The base unit 31, the arm unit 32, and the top unit 33 of the
lighting device 3 are integrally fixed. In other words, a con-
nection portion between the base unit 31 and the arm unit 32
and a connection portion between the arm unit 32 and the top
unit 33 are fixedly disposed so as not to be deformed such as
being rotated, detached/attached, or moved.

FIG. 4 15 a perspective view of the lighting device 1llus-
trated 1n FIG. 1. On an upper face 33a of the top unit 33 of the
lighting device 3, a mounting face 34 which 1s used for
mounting the smartphone 2 1s disposed at a position where the
smartphone 2 can photograph the medium 6 disposed on the
medium installation face 5.

The mounting face 34 1s formed by being recessed from the
upper face 33a of the top unit 33. The mounting face 34 1s
disposed such that a part of rear face of the smartphone 2 1n
the longitudinal direction thereof protrudes from the distal
end of the top unit 33 when the smartphone 2 1s mounted. In
other words, the mounting face 34 i1s formed from the front
end of the top unit 33 over the rear side (the direction of the
arm unit 32) thereot, and the area of the mounting face 34 1s
smaller than the area of the rear face of the smartphone 2. In
addition, the length of the mounting face 34 1n the front/back
direction 1s shorter than the length of the smartphone 2 1n the
longitudinal direction. Accordingly, the smartphone 2 can be
mounted on the mounting face 34 with the image capturing
umt 21 disposed on the rear face of the smartphone 2 not
being hidden by the mounting face 34. In other words, when
the smartphone 2 1s mounted on the mounting face 34, the
image capturing unit 21 1s positioned so as to directly face the
medium 1nstallation face 5, and accordingly, the 1image cap-
turing unit 21 can 1mage the medium 6 disposed on the
medium 1nstallation face 5. In addition, by forming the
mounting face 34 as such, smooth mounting and dismounting
of the smartphone 2 1s available.
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Between the upper face 33a of the top umit 33 and the
mounting face 34, steps or steps are formed. More specifi-
cally, a step 35a which 1s brought into contact with the lower
portion of the smartphone 2 1n the longitudinal direction and
steps 35b and 35¢ which are brought 1into contact with right
and left side faces ol the smartphone 2. Namely, the steps 35a,
35b, and 35¢ are provided so as to abut the smartphone 2 from
three directions. The steps 35a and 356 are connected at an
approximately right angle, the steps 335a and 35¢ are con-
nected at an approximately right angle, and the steps 3556 and
35c¢ are arranged 1n parallel with the front/back direction. By
bringing such steps 35a, 356, and 35¢ into contact with the
smartphone 2, the position of the smartphone 2 can be deter-
mined to be a predetermined position. In other words, the
steps 35a, 356, and 35¢ formed between the upper face 33a of
the top unit 33 and the mounting face 34 serve as a positioning,
unit which 1s used for positioning the smartphone 2 at a
predetermined position on the mounting face 34.

Thus, when the smartphone 2 1s mounted on the mounting
tace 34, by only causing the lower portion of the smartphone
2 1n the longitudinal direction to abut against the step 334, the
smartphone 2 can be mounted by being easily positioned at a
predetermined position on the mounting face 34. In addition,
as described above, since the top unit 33 is inclined, the
mounting face 34 1s disposed to be inclined in the downward
direction with respect to the horizontal direction from the
front side to the rear side of the top unit 33. Accordingly, 1t 1s
casy to cause the smartphone 2 to abut against the step 35a.

The installation position of the mounting face 34 1s set such

that there 1s a distance between the image capturing unit 21 of
the smartphone 2 and the medium 1nstallation face 5 to some
degree for which the enftirety of a predetermined photo-
graphed area 7 disposed on the lower side can be imaged
when the smartphone 2 1s mounted on the mounting face 34.
Described 1n more detail, the mounting face 34 1s configured
such that, when the smartphone 2 1s mounted on the mounting
tace 34, the photographed area 7 of the smartphone 2 includes
an area 1n which the medium 6, which neighbors to the front
side of the base unit 31 of the lighting device 3, 1s arranged
and a front-side upper face portion of the base unit 31.
In addition, on the upper face of the base umit 31 of the
lighting device 3, a scan switch 36, a lighting switch 37, and
a power switch 38 are disposed. Furthermore, on the lower
face of the top unit 33 of the lighting device 3 which faces the
medium 1nstallation face 5, a lighting light emitting diode
(LED) 39 15 disposed. The scan switch 36, the lighting switch
37, the power switch 38, and the lighting LED 39 are electr-
cally connected to a control unit 40 (see FIG. 5) which 1s
equipped 1nside the lighting device 3. Such switches may be
disposed at positions other than on the top face ol the base unit
31. For example, the power switch 38 may be disposed on the
rear face of the base unit 31. In addition, instead of disposing,
the power switch 38 in the lighting device 3, the lighting
device 3 may be turned on/off by plugging or unplugging a
plug-in plug included in the lighting device 3 into a plug
socket.

The scan switch 36 1s an input umt which receives an
instruction of a scan manipulation which causes the smart-
phone 2 to perform a scanning operation from the user. Spe-
cifically, the scan switch 36 1s also a scan instruction unit
which generates a scanning instruction to photograph the
medium 6 by the smartphone 2 and generate 1image data
corresponding to the medium 6. In addition, the lighting
switch 37 1s an input unit which 1s used for switching over On
and OfT of the lighting LED 39 and for adjusting the amount
of light emitted from the lighting LED 39. In addition, the
power switch 38 1s a switch which switches over conduction
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and non-conduction between an external power supply 50
(see FIG. 5) and the lighting device 3. In addition, the lighting
LED 39 1s arranged on the lower face of the top unit 33 such
that an emission range 8 at the time of emission 1s substan-
tially the same as the photographed area 7 of the smartphone
2, and the photographed area 7 can be evenly lighted.

FIG. 51s a functional block diagram of the image capturing
system 1llustrated 1n FIG. 1. The smartphone 2 configuring
the 1image capturing system 1 together with the lighting
device 3 1s equipped with the 1mage capturing unit 21, a
communication unit 22, an image processing unit 23, a
recording unit 24, a non-readable area determining unit 25,
and the central processing umt (CPU) 28. The image captur-
ing umt 21, the communication unit 22, the image processing
umt 23, the recording unit 24, and the non-readable area
determining unit 25 are electrically connected to the CPU 28.

The communication unit 22 1s configured to be capable of
communicating with the lighting device 3 and, for example,
performs wireless communication using the Bluetooth (reg-
istered trademark). The communication with the lighting
device 3 may be performed using a technique other than the
Bluetooth, and any techmique such as the near field commu-
nication (NFC) or the infrared communication which 1s
capable of performing communication between the smart-
phone 2 mounted on the mounting face 34 and the lighting
device 3 may be used.

The 1mage processing unit 23 i1s a part which performs
arbitrary 1mage processing for an image captured by the
image capturing unit 21. The image processing unit 23, for
example, performs 1mage processing for the image of the
medium 6 which 1s captured by the image capturing unit 21 of
the smartphone 2 mounted on the inclined mounting face 34
of the top unit 33 from the upper side of the inclination of the
medium 6 disposed on the medium installation face S to be an
image acquired by photographing the medium 6 from the
upper side 1n the vertical direction. The recording unit 24 1s a
storage device which stores read data acquired by the image
capturing unit 21 and 1mage data acquired by performing
image processing using the image processing unit 23.

The non-readable area determining unit 25 determines

whether or not there 1s a non-readable area from which 1nfor-
mation of the medium 6 cannot be read by the smartphone 2
due to reflected light of the lighting LED 39 which is reflected
on the medium 6. Described 1n more detail, 1n a case where
the medium 6 which 1s an object 1s formed to have a high
degree of smoothness of the surface and to have a gloss in the
surface, when the medium 6 1s irradiated with emission light
emitted from the lighting LED 39, there are cases where the
emission light 1s specularly reflected on the surface of the
medium 6. In a case where the retlected light which has been
specularly retlected travels toward the image capturing unit
21 of the smartphone 2 and 1s incident to the 1mage capturing
unit 21, at a portion of the medium 6 where the reflected light
1s reflecting, the luminance level becomes too high for the
smartphone 2 to read information of the portion of the
medium 6, due to the reflected light. In other words, 1n a case
where the emission light emitted from the lighting LED 39 15
specularly reflected on the surface of the medium 6, there are
cases where a non-readable area at which information of the
medium 6 cannot be read by the smartphone 2 may be gen-
crated on the medium 6 due to the retlected light. The non-
readable area determining unit 25, after performing an
instruction of scanning by an mnput operation to the scan
switch 36, and before generating the image data of the
medium 6, determines whether or not there 1s a non-readable
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area based on an 1mage corresponding to the medium 6 which
1s acquired by photographing 1n the turned-on state of the
lighting LED 39.

The CPU 28 pertforms various calculation processes at the
time of communication with the lighting device 3 in the
communication unit 22, at the time of a photographing pro-
cess performed by the image capturing unit 21, at the time of
image processing performed by the image processing unit 23,
at the time of determining whether or not there 1s a non-
readable area in the non-readable area determining unit 235,
and the like.

On the other hand, the lighting device 3 1s equipped with a
communication unit 45, the lighting LED 39, the scan switch
36, the lighting switch 37, the power switch 38, and the
control unit 40. The communication unit 45, the lighting LED
39, the scan switch 36, the lighting switch 37, and the power
switch 38 are electrically connected to the control unit 40.

The commumnication unit 45 1s configured to be capable of
communicating with the communication unit 22 ofthe smart-
phone 2 using the Bluetooth or the like. The smartphone 2 and
the lighting device 3 can communicate with each other
through wireless communication using the communication
units 22 and 45 thereof.

The control unit 40 includes an LED driver 41 and a micro
processing unit (MPU) 42. Of these, the LED driver 41 1s
configured to cause the lighting LED 39 to emit light by
adjusting power supplied to the lighting LED 39. Accord-
ingly, the control unit 40 including the LED driver 41 1s
arranged also as a lighting control unit which performs driv-
ing control of the lighting LED 39. In addition, the MPU 42 1s
arranged to perform light emission control of the lighting
LED 39 and control of the communication between the light-
ing device 3 and the smartphone 2 by transmitting a control
signal to the LED driver 41 or the communication unit 45 1n
accordance with an input manipulation of the scan switch 36
or the lighting switch 37.

The power switch 38 1s interposed between the AC adaptor
50 connected to an external power supply and the control unit
40 and can perform switching over the operation and the stop
of the lighting device 3 by performing switching over con-
duction (On) and non-conduction (O1il) between the control
unit 40 and the external power supply 1n accordance with an
input manipulation.

The 1mage capturing system 1 according to the first
embodiment 1s configured as described above, and, hereinat-
ter, the operation thereol will be described. Generally, the
lighting device 3 configuring the 1mage capturing system 1 1s
used 1n a lighting stand. When the lighting device 3 15 used as
a lighting stand, an input manipulation such as a depressing
operation 1s performed for the lighting switch 37 with the
power switch 38 being 1n the On state. An input to this lighting
switch 37 may be other than a strong depression and thus may
be a tap on the lighting switch 37 or a contact (touch) with the
lighting switch 37 according to the form of the lighting switch
37. The MPU 42 which has detected a depression on the
lighting switch 37 turns on the lighting LED 39 through the
LED driver 41. Accordingly, the lighting LED 39 emaits light
for the emission range 8, and the hghtmg device 3 can light
the lower side of the top unit 33 using the light emitted from
the lighting LED 39. When the lighting LED 39 which 1s in
the turn-on state 1s turned ofl, an mput manipulation such as
a depressing operation 1s performed for the lighting switch 37
in the state 1n which the lighting LED 39 1s turned on. As a
result, the MPU 42 turns oif the lighting LED 39 through the
LED driver 41.

In addition, 1n the 1mage capturing system 1 according to
the first embodiment, the lighting device 3 1s used not only as
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a lighting stand, but, by setting the smartphone 2 1n the light-
ing device 3, the medium 6 can be scanned by reading the
medium 6 which 1s installed on the medium mstallation face
5 by using the smartphone 2. In the scanning of the medium 6,
image data 1s generated by using a method of generating
image data according to the first embodiment, whereby the
image of the medium 6 1s acquired. The scanning of the
medium 6 1n the image capturing system 1 will be described.
When the medium 6 1s scanned, the smartphone 2 1s mounted
on the mounting face 34 of the top unit 33 so as to position the
image capturing unit 21 of the smartphone 2 on the lower side
in a direction 1n which the image capturing unit 21 1s exposed
from the top unit 33.

The smartphone 2 and the lighting device 3 are configured
to transmit and receirve information thereol by performing
communication between the communication unit 22 of the
smartphone 2 and the communication unit 45 of the lighting
device 3. In addition, the smartphone 2 can perform a photo-
graphing operation in accordance with the reception of a
control signal which 1s transmitted from the lighting device 3.
In the image capturing system 1, the start of scanning is
triggered upon the depression of the scan switch 36. In other
words, the turning-on of the scan switch 36 1s a trigger for the
scanning performed by the image capturing system 1, and
functions as an struction to start scanming (hereimafter,
scan-start instruction) for the image capturing system 1.
Accordingly, the smartphone 2 mounted 1n the top unit 33 of
the lighting device 3 continues to wait for the reception of a
scan start trigger transmitted from the lighting device 3 1n the
communication unit 22.

In this state, when the scan switch 36 of the lighting device
3 1s depressed by the user, a scan start trigger 1s transmaitted
from the lighting device 3 to the smartphone 2. This scan start
trigger 1s transmitted from the communication unit 45 of the
lighting device 3 and 1s recerved by the communication unit
22 of the smartphone 2. The smartphone 2 which has recerved
the scan start trigger makes a turn-on instruction for the
lighting LED 39 included 1n the lighting device 3. The light-
ing device 3 which has been instructed to turn on the lighting
LED 39 from the smartphone 2 maintains the turned-on state
of the lighting LED 39 in a case where the lighting LED 39 1s
in the turned-on state at the time of receiving the turn-on
instruction and turns on the lighting LED 39 1n a case where
the lighting LED 39 1s 1n the turned-off state at that time.

In the state 1n which the lighting LED 39 is turned on as
above, the smartphone 2, before storing the image data of the
medium 6, determines whether or not there 1s a non-readable
area based on the image data corresponding to the medium 6
which has been acquired through the photographing process
in the turned-on state of the lighting LED 39. FIG. 6 1s a
schematic diagram illustrating an image which 1s in a state
where there 1s no non-readable area on the medium when the
lighting LED 1s turned on. FIG. 7 1s a schematic diagram
illustrating an 1mage which 1s in a state 1n which the non-
readable area occurs on the medium when the lighting LED 1s
turned on. When the lighting LED 39 1s turned on, depending
on materials of the medium 6, there are cases where emission
light emitted from the lighting LED 39 1s specularly reflected
on the medium 6, the specularly reflected light 1s incident to
the image capturing unit 21 of the smartphone 2, and accord-
ingly, a non-readable area 62 from which information of the
medium 6 cannot be read by the smartphone 2 occurs. The
image capturing system 1 determines whether or not the
non-readable area 62 occurs based on 1image data 60 of the
photographed area 7 which 1s constantly photographed by the
image capturing unit 21 by using the non-readable area deter-
mining unit 25 of the smartphone 2.
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In other words, after the scan switch 36 1s depressed, the
smartphone 2 reads the medium 6 and waits 1n a state 1n which
the photographed area 7 1s constantly photographed by the
image capturing unit 21 even before the 1image data 60 is
stored. Accordingly, the non-readable area determining unit
25 determines whether there i1s the non-readable area 62
based on the image data 60 of the medium 6 which has been
acquired by performing the photographing process using the
image capturing unit 21. The smartphone 2 changes the pro-
cess at the time of photographing the medium 6 based on
whether or not there 1s the non-readable areca 62.

First, when 1t 1s determined that there 1s no non-readable
area 62 in the image data 60 (See FIG. 6), the medium 6 within
the photographed area 7 1s photographed by capturing an
image ol the photographed area 7 on the medium 1nstallation
face 5 by using the 1mage capturing unit 21 in the state 1n
which the lighting LED 39 1s turned on, and the image data 60
1s stored 1n the recording unit 24 of the smartphone 2. Accord-
ingly, the image capturing system 1 photographs the medium
6 under an optimal environment created by the lighting LED
39, and 1n a state where all of the areas 1n a captured image of
the medium 6 become a readable area 61, thereby scanning,
the medium 6. When the image data 60 acquired through this
scanning process 1s stored in the recording unit 24, after
generating an appropriate image data 60 by adjusting the
image data to have an appropriate image quality through
image processing performed 1n the image processing unit 23
included 1n the smartphone 2, the image data 60 1s stored by
being recorded 1n the recording unit 24.

On the other hand, when 1t 1s determined that there 1s the
non-readable area 62 on the medium 6 due to light emitted
from the lighting LED 39 (See FI1G. 7), the lighting LED 39 1n
the turned-on state, 1s turned oif, and the medium 6 1s photo-
graphed 1n this state. In the case where the lighting LED 39 1s
turned off, the medium 6 1s not irradiated with emission light
emitted from the lighting LED 39. Accordingly, the emission
light emitted from the lighting LED 39 is not retlected on the
medium 6, and the non-readable area 62 due to the reflection
of the emission light emitted from the lighting LED 39 on the
medium 6 does not occur (see FIG. 6).

In this state, the image capturing unit 21 photographs the
medium 6 on which the non-readable area 62 1s not occurring
by photographing the photographed area 7 on the medium
installation face 5, and stores the 1mage data 60 1n the record-
ing unit 24 of the smartphone 2. In this manner, the 1image
capturing system 1 photographs and scans the medium 6 1n a
state where the non-readable area 62 1s not occurring and the
entire area of the image of the medium 6 to be photographed
becomes the readable area 61. When storing the image data 60
obtained by this scanning in the recording unmit 24, the image
processing unit 23 of the smartphone 2 processes the image
data 60 to have an appropriate image quality, and generates
appropriate image data 60, 1n the turned-off state of the light-
ing LED 39. Thereafter, the image data 60 1s recorded and
stored 1n the recording unit 24.

Next, the reason why the non-readable area 62 1s generated
due to specular reflection of light emitted from the lighting
LED 39 on the surface of the medium 6 will be described.
FIG. 8 1s a schematic diagram which illustrates 1lluminance at
the 1mage capturing unit when the lighting LED 1s turned on
and when the lighting LED 1s turned off. The smartphone 2
photographs the object by converting light incident to the
image capturing unit 21 into an electric signal. Accordingly,
when the smartphone 2 photographs the medium 6, the pho-
tographing process 1s performed by receiving light reflected
on the surface of the medium 6. Here, generally, when light 1s
emitted to the object, in many cases, diffuse reflection occurs
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and the 1image capturing unit 21 photographs the object such
as the medium 6 by recerving light of the diffuse reflection as
information of the object. However, in a case where the
degree of smoothness of the surface of the medium 6 1s high
and the surface has a gloss, a part of the light which arrives at
the medium 6 1s specularly reflected on the surface of the
medium 6.

In scanning the medium 6, in a case where the lighting LED
39 1s turned on, the entirety of the photographed area 7 which
includes the medium 6 1s 1rradiated with the light ematted
from the lighting LED 39, and accordingly, the amount of
light emitted to the photographed area 7 1s larger than the
amount of light at the time when the lighting LED 39 1s turned
off. Accordingly, the amount of light, which travels toward
the 1mage capturing unit 21 after being diffuse-reflected on
the object disposed in the photographed area 7, 1s large, and,
therefore, the illuminance as a whole at the 1image capturing
unit 21 1s higher than that at the time when the lighting LED
39 1s turned off.

In addition, at that time, 1n a case where the medium 6
which specularly reflects the light 1s installed to the photo-
graphed area 7, the light emitted from the lighting LED 39 1s
specularly reflected on the medium 6 as well. As above, when
the light emitted from the lighting LED 39 1s specularly
reflected on the medium 6, based on the positional relation
between the lighting LED 39 and the image capturing unit 21,
in a case where the 1mage capturing unit 21 1s positioned on
the optical path of light which 1s specularly retlected on the
medium 6, the specularly-reflected light 1s incident to the
image capturing unit 21.

At the image capturing unit, 1n case of receiving light from
the photographed area 7, the specularly-reflected light, which
1s generated when the light emitted from the lighting LED 39
1s specularly reflected on the medium 6, has the amount of the
light much larger than that of light recerved from other part,
1.€. a part where no specularly-reflected light 1s incident to the
image capturing unit 21, of the photographed area 7. Accord-
ingly, the 1lluminance at the image capturing unit 21, when
the specularly-reflected light from the medium 6 1s recerved,
1s much higher than the 1lluminance of the other part of the
photographed area 7. Accordingly, the portion of the medium
6 where the light emitted from the lighting LED 39 1s specu-
larly retlected 1s the non-readable area 62 having i1lluminance
too high for the image capturing unit to read the information
of the medium 6.

Accordingly, 1n a case where surface of the medium 6 to be
photographed 1s formed to have a high degree of smoothness
and have a gloss on the surface thereotf, due to positional
relationship between the portion of the medium 6 where the
light emitted from the lighting LED 39 is specularly retlected
and the position of the image capturing unit 21, there are cases
where the non-readable area 62 1s generated 1n the image data
60. In the 1mage capturing system 1 according to the first
embodiment, in a case where non-readable area 62 1s gener-
ated 1 the 1mage data 60 during the turned-on state of the
lighting LED 39, the image data 60 of the medium 6 1is
generated by photographing the medium 6 1n a state where the
lighting LED 39 1s turned off so that the non-readable area 62
1s not generated.

Next, the control sequence of the image capturing system 1
which scans the medium 6 by photographing the medium 6
with the lighting LED 39 turned off when the non-readable
area 62 1s generated as above will be described. FIG. 9 1s a
flowchart which illustrates a control sequence at the time of
scanning a medium 1n the 1mage capturing system illustrated
in FIG. 1. When the medium 6 1s scanned by the image
capturing system 1, the scan switch 36 i1s turned on by
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depressing the scan switch 36 1n the state 1n which the power
switch 38 1s turned on 1n Step ST101. The state of the scan
switch 36 1s acquired by the control unit 40. When the scan
switch 36 1s recognized to be turned on by the control unit 40,
by performing communication between the communication
unit 45 of the lighting device 3 and the communication unit 22
of the smartphone 2, the scan-start instruction is transmitted
from the lighting device 3 to the smartphone 2. The smart-
phone 2 which has recerved the scan-start mstruction starts
the photographing process by operating the image capturing,
unit 21.

In addition, when the scan switch 36 1s turned on, the
lighting device 3 determines whether or not the lighting LED
39 1s turned on 1n Step ST102. Since the turned-on/oif state of
the lighting LED 39 is controlled by the LED driver 41 of the
control unit 40, the control unit 40 determines whether or not
the lighting LED 39 1s turned on based on the control state of
the lighting LED 39 1n the LED driver 41.

According to this determination, in a case where 1t 1s deter-
mined that the lighting LED 39 1s not turned on (No 1n Step
ST102), the lighting LED 39 1s turned on 1n Step ST103. In
other words, by controlling the lighting LED 39 using the
LED driver 41 of the control unit 40, the lighting LED 39
which has been 1n the turned off state 1s turned on.

On the other hand, 1n a case where it 1s determined that the
lighting LED 39 1s turned on (Yes 1n Step ST102), 1t 1s
determined whether or not there 1s the non-readable area 62 1n
Step ST104. In other words, it 1s determined whether there 1s
the non-readable area 62 based on the 1mage data 60 acquired
by the smartphone 2 which has started the photographing
process. The determination on whether there 1s the non-read-
able area 62 1s made by the non-readable area determining
unit 25 of the smartphone 2.

FI1G. 10 1s a flowchart which 1llustrates the sequence at the
time of determining whether or not there 1s a non-readable
area. As an example of determining whether or notthere 1s the
non-readable area 62 at the non-readable area determining,
unit 25, the sequence of a case where the determination 1s
made by performing YCbCr conversion of the image data 60
will be described. In a case where a determination on whether
there 1s the non-readable area 62 1s made, the 1mage data 60,
which 1s acquired by performing the photographing process
using the image capturing unit 21, 1s converted into data 1n a
YCbCr color space in which 1mage information 1s repre-
sented by luminance and hue 1n Step ST151. In the YCbCr
color space, an 1mage-brightness component (Y) 1n the image
data 60 is represented by numerical values of 0 to 255 where
the numerical value 1s low when the brightness 1s low, and the
numerical value 1s high when the brightness 1s high. There-
fore, when the non-readable area 62 1s generated, the 1mage-
brightness component (Y) becomes high in the non-readable
area 62. Further, when converting the image data 60 1nto the
data 1n the YCbCr color space, 1n order to increase speed of
conversion process, the conversion process may be per-
formed after lowering resolution of the image data 60.

After the image data 60 1s converted into the data 1n the
YCbCr color space, the non-readable area determining unit
23 determines whether or not there 1s an area 1n which quan-
tity of pixels of Y=255 makes up o % or more within a
predetermined pixel area in Step ST152. More specifically,
the non-readable area determining umit 235 determines
whether or not there 1s an area 1n which the quantity of pixels
of Y=255 makes up a % or more within an arbitrary area of
the 1image data 60, in the Y (luminance) component, a Cb
(blue hue) component, and a Cr (red hue) component which
are converted. The arbitrary area and a value “a” which
functions as a threshold value, used 1n this determination are
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predetermined and stored in advance. The non-readable area
determining unit 25 detects the value of Y of each pixel
contained 1n the image data 60 and determines the quantity of
the pixels of Y=255 makes up a. % or more.

When photographing an object using the smartphone 2,
since the object 1s generally photographed so that values of
the Y (luminance) component fall within the range from 0 to
255, the values of the Y (luminance) component 1n the read-
able area 61 fall within the range from 0 to 233, thereby the
smartphone 2 can read imformation from the medium 6. On
the contrary, the non-readable area 62 1s an area where the
non-readable area determining unit 25 cannot read the infor-
mation of the medium 6 because of a congregation of a large
number of pixels having Y (luminance) components having
values too high to obtain information of the object, when
compared to other pixels 1n the same 1mage. Accordingly, the
non-readable area determining unit 25 determines existence
or non-existence of the non-readable area 62 by determining
whether or not the quantity of pixels of Y=255 makes up a. %
Or more.

If 1t 1s determined that the quantity of pixels of Y=235
makes up a % or more (Yes 1in Step ST152), the non-readable
area determining umt 25 determines that there 1s the non-
readable area 62, or the non-readable area 62 exists (Step
ST1353). On the other hand, 1T 1t 1s determined that the quantity
of pixels of Y=255 1s less than . % (No 1n Step ST152), the
non-readable area determining umt 25 determines that there
1s not the non-readable area 62, or the non-readable area 62
does not exist (Step ST154).

According to the determination made by the non-readable
area determining unit 25, 1n a case where 1t 1s determined that
there 1s no non-readable areca 62 (No 1n Step ST104), the
photographed area 7 1s photographed by the smartphone 2 in
the state in which the lighting LED 39 is turned on 1n Step
ST105. Accordingly, the medium 6 which 1s installed to the
photographed area 7 1s read, and the image data 60 of the
medium 6, which 1s 1n the state 1n which the non-readable area
62 1s not generated, 1s read.

On the other hand, if it 1s determined that there is the
non-readable area 62 (Yes in Step ST104), the lighting LED
39 is turned off, by controlling the lighting LED 39 using the
LED dniver 41 of the control unit 40 (Step ST106). Namely,
an instruction for turning oif the lighting LED 39 1s transmiut-
ted from the smartphone 2 to the lighting device 3 through the
communication unit 22 of the smartphone 2 and the commu-
nication unit 45 of the lighting device 3. The lighting device
3 turns oif the lighting LED 39 based on this mstruction.

When the lighting LED 39 1s turned off, a turn-oif comple-
tion signal 1s transmitted from the lighting device 3 to the
smartphone 2, and smartphone 2 which has received this
signal photographs the photographed area 7 with the lighting
LED 39 turned oiff (Step ST107). Consequently, the smart-
phone 2 reads the image data 60 of the medium 6 1n which the
non-readable area 62 1s not generated because the lighting
LED 39 is turned off.

After photographing 1s completed, the lighting LED 39 1s
returned to 1ts original state (Step ST108). In other words,
when the 1mage data 60 of the medium 6 has been read, the
smartphone 2 transmits an 1image-reading completion signal
to the lighting device 3. The lighting device 3 which has
received this signal maintains the turned-off state in a case
where the lighting LED 39 was turned oif when the scannming
was started and turns on the lighting LED 39 in a case where
the lighting LED 39 was turned on when the scanning was
started.

When the lighting LED 39 1s returned to 1ts original state,
image data of the photographed image 1s stored 1n the record-
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ing unit 24 of the smartphone 2 (Step ST109). After 1t 1s
determined that there 1s no non-readable area 62 (No 1n Step
ST104), also 1n a case where an 1mage of the medium 6 1s
obtained by photographing the photographed area 7 (Step
ST105), this image 1s also stored 1n the recording unit 24 of
the smartphone 2 (Step ST109). After the image data 1s stored,
the process exits from one cycle of the control sequence.

The 1mage capturing system 1 repeats the cycle of the
control sequence while communicating with the smartphone
2 and the lighting device 3, thereby operating the smartphone
2 and the lighting device 3 1n association with each other.
Accordingly, the image capturing system 1 scans the medium
6 which 1s installed to the medium installation face S and
stores a resultant 1mage 1n the smartphone 2.

In a case where 1t 1s determined that there i1s the non-
readable area 62 in the image acquired when the lighting LED
39 1s turned on, after mstructing scanning and before gener-
ating the image data 60, the image capturing system 1 accord-
ing to the first embodiment performs photographmg Pro-
cesses with the lighting LED 39 turned off, and in a case
where 1t 1s determined that there 1s not the non—readable area
62 1n the image acquired when the lighting LED 39 1s turned
on, the image capturing system 1 performs scanning with the
lighting LED 39 turned on. Thus, 1n a case where the non-
readable area 62 1s not generated, a normal photographing,
process 1s performed, and a resultant image 1s stored. On the
other hand, 1n a case where the non-readable area 62 1s gen-
erated due to specular retlection on the medium 6, an 1image
alter eliminating the non-readable area 62 by turning oif the
lighting LED 39 can be stored. As a result, a high-quality
image can be appropriately acquired.

As described above, the 1mage capturing system 1 deter-
mines whether or not there 1s the non-readable area 62 with
the lighting LED 39 turned on, and performs scanning switch-
ing over lighting state of the lighting LED 39, which enables
to store the image after eliminating the non-readable area 62
even when a position of the non-readable area varies on the
medium 6. For example, light 1s reflected differently from the
medium 6 which i1s flat and the medium 6 which 1s curved,
which results 1n different positions of the non-readable area,
respectively, 1f the non-readable area 62 should be generated
on each of the media 6. Even 1n such a situation, 1t becomes
possible to obtain, from each of the media 6, an 1mage that
does not contain the non-readable area 62 by photographing
the medium 6 making the lighting state of the lighting LED 39
differ and generating the image data 60 of the medium 6.
Thus, a high-quality image can be obtained independently of
the form of the medium 6.

Furthermore, after performing the scanning by photo-
graphing the medium 6 with the smartphone 2, the control
unit 40 returns the lighting state of the lighting LED 39 to the
lighting state before the scanning, and accordingly, the con-
venience at the time of using the 1image capturing system 1 as
a lighting stand can be improved. As a result, while the con-
venience as a lighting stand 1s secured, a high-quality image
can be acquired when the medium 6 1s photographed.

Second Embodiment

While an image capturing system 1 according to a second
embodiment has almost the same configuration as that of the
image capturing system 1 according to the first embodiment,
the image capturing system 1 has a feature such that when the
lighting LED 39 is in the turned-oif state at the time of
instructing scanning operation, the scanning operation 1s per-
formed maintaining the turned-oif state of the lighting LED
39. Since the other configurations are the same as those of the
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first embodiment, the description thereof will not be pre-
sented, and the same reference numerals will be assigned
thereto.

Similar to the image capturing system 1 according to the
first embodiment, the image capturing system 1 according to
the second embodiment 1s equipped with the smartphone 2
and the lighting device 3 which can mount the smartphone 2,
and the lighting device 3 includes three members including
the base unit 31, the arm unit 32, and the top unit 33. Also in
the 1mage capturing system 1 according to the second
embodiment, on the lower face of the top unit 33 which faces
the medium 1nstallation face 5, the lighting LED 39 which
irradiates the medium 1nstallation face 5 1s disposed.

In the 1mage capturing system 1 according to the second

embodiment as well, the smartphone 2 includes the image
capturing unit 21, the communication unit 22, the image
processing unit 23, the recording unit 24, the non-readable
area determining unit 25, and the CPU 28. The lighting device
3 1s equipped with a communication unit 43, the scan switch
36, the lighting switch 37, the power switch 38, and the
control unit 40. The power switch 38 1s connected to an AC
adaptor which 1s connected to an external power source. The
lighting LED 39 arranged on the top unit 33 of the lighting
device 3 1s electrically connected to the control unit 40, so that
the control unit can turn on or turn off the lighting LED 39 by
controlling power supply to the lighting LED 39 with the
LED driver 41 of the control unit.
The 1image capturing system 1 according to the second
embodiment 1s configured as described above. Herematfter,
operations of the image capturing system 1 according to the
second embodiment are described. Similar to the lighting
device 3 of the image capturing system 1 according to the first
embodiment, the lighting device 3 of the image capturing
system 1 according to the second embodiment can be used as
the lighting stand. When the lighting device 3 1s used as the
lighting stand, by performing an input manipulation such as a
depressing operation for the lighting switch 37 with the power
switch 38 being 1n the On state, 1t 1s possible to turn on or turn
off the lighting LED 39.

In the 1mage capturing system 1, when performing scan-
ning of the medium 6 placed on the medium 1installation face
5, the scanning operation 1s started by depressing the scan
switch 36 in a state where the medium 6 1s placed on the
medium 1nstallation face 5. In this scanning operation, by
performing communication between the smartphone 2 and
the lighting device 3, and linked operation between the smart-
phone 2 and the lighting device 3, scanning operation of the
medium 6 1s performed.

In starting the scanning operation, first, the lighting state of
the lighting LED 39 1s checked. When the lighting LED 39 1s
in the turned-oil state at the time the scan-start instruction 1s
issued, the medium 6 i1s scanned maintaining the lighting
LED 39 in the turned-oif state.

On the other hand, if the lighting LED 39 1s in the turned-on
state when the scan-start instruction 1s issued, before gener-
ating the 1image data 60 to be stored, whether or not there 1s the
non-readable area 62 1s determined based on the image of the
medium 6 obtained by photographing the medium 6 with the
lighting LED 39 1n the turned-on state. If 1t 1s determined that
there 1s not the non-readable area 62 with the lighting LED 39
in the turned-on state, the medium 6 in the photographed area
7 1s photographed with the lighting LED 39 in the turned-on
state, and the image data 60 1s stored 1n the recording unit 24
of the smartphone 2. Consequently, the image capturing sys-
tem 1 performs scanning of the medium 6 by photographing
the medium 6 and storing the image data 60 1n an optimal
environment created by the lighting LED 39.
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On the other hand, 1f 1t 1s determined that there 1s the
non-readable area 62 with the lighting LED 39 in the turned-
on state, the lighting LED 39 1s turned oif, and thereafter the
medium 6 1s photographed. Consequently, the image captur-
ing system 1 photographs the medium 6 where the non-
readable area 62 1s not generated and stores the image data 60,
thereby scanning of the medium 6 1s performed.

Next, a control sequence performed by the image capturing
system 1, where the image capturing system 1 performs scan-
ning maintaining the lighting LED 39 in the turned-oif state
when an instruction to perform scanmng 1s 1ssued in the
turned-oif state of the lighting LED 39, 1s explained below.
FIG. 11 1s a flowchart of the control sequence for scanning a
medium 1n the 1image capturing system 1 according to the
second embodiment. When scanning the medium 6 using the
image capturing system 1, the scan switch 36 1s turned on by
depressing the scan switch 36 when the power switch 38 1s on
(Step ST201). When the control unit 40 detects that the scan
switch 36 1s turned on, start of the scanning 1s instructed from
the lighting device 3 to the smartphone 2 by performing
communication between the communication unit 45 of the
lighting device 3 and the communication unmit 22 of the smart-
phone 2. Upon receiving the scan-start instruction, the smart-
phone 2 activates the image capturing unit 21 and starts pho-
tographing.

When the scan switch 36 1s turned on, in the lighting device
3, whether or not the lighting LED 39 1s on 1s determined
based on a control state of the lighting LED 39 by the LED
driver 41 (Step ST202). It 1t 1s determined that the lighting
LED 39 1s not on (No 1 Step ST202), the smartphone 2
photographs the photographed area 7 with the lighting LED
39 in the turned-off state (Step ST203). Consequently, the
smartphone 2 reads the medium 6 placed in the photographed
area 7 maintaiming the lighting LED 39 in the turned-off state
and generates the image data 60 of the medium 6 in a state
where the non-readable area 62 1s not generated.

On the other hand, when 1t 1s determined that the lighting
LED 39 1s on (Yes 1 Step ST202), whether or not there 1s the
non-readable area 62 1s determined (Step ST204). More spe-
cifically, the non-readable area determining unit 25 deter-
mines whether or not there 1s the non-readable area 62 based
on the image data 60 obtained by the smartphone 2 that has
started photographing.

If 1t 1s determined that there 1s not the non-readable area 62
(No 1n Step ST204), the smartphone 2 photographs the pho-
tographed area 7 with the lighting LED 39 in the turned-on
state (Step ST203). Consequently, the smartphone 2 gener-
ates the 1image data 60 of the medium 6, which 1s 1lluminated
with 1lluminating light from the lighting LED 39 and on
which the non-readable area 62 is not generated.

On the other hand, when 1t 1s determined that there 1s the
non-readable area 62 (Yes in Step ST204), the smartphone 2
turns oif the lighting LED 39 (Step ST203), and photographs
the photographed area 7 with the lighting LED 39 1in the
turned-off state (Step ST206). Consequently, the smartphone
2 generates the image data 60 of the medium 6 where the
non-readable area 62 1s not generated because the lighting
LED 39 1s off.

After the photographing 1s performed, the lighting state of
the lighting LED 39 1s reset to 1ts original state which 1s
pre-scan state (Step ST207). After the lighting LED 39 1s reset
to 1ts original state, the image data 60 of the photographed
image 1s stored in the recording unit 24 of the smartphone 2
(Step ST208). When 1t 1s determined that the lighting LED 39
1s not on (No 1n Step ST202) and thereafter the image data 60
of the medium 6 1s obtained by photographing the photo-
graphed area 7 with the lighting LED 39 1n the turned-oif state
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(Step ST203), the image data 60 1s also stored 1n the recording,
unit 24 of the smartphone 2 (Step ST208). When it 1s deter-
mined that there 1s not the non-readable area 62 (No 1n Step
ST204) and thereafter the image data 60 of the medium 6 1s
obtained by photographing the photographed area 7 (Step
ST203), the image data 60 1s also stored in the recording unit
24 of the smartphone 2 (Step ST208). After the image data 60
1s stored, control exits from this one cycle of the control
sequence.

In the image capturing system 1, the smartphone 2 and the

lighting device 3 perform linked operation by repeating the
cycles of these control sequences while carrying out commu-
nication between the smartphone 2 and the lighting device 3.
By operating 1n such a manner, the image capturing system 1
scans the medium 6 placed on the medium 1nstallation face 5
and stores the image data 60 1n the smartphone 2.
The 1mage capturing system 1 according to the second
embodiment performs the scanming maintaining the turned-
off state of the lighting LED 39, when the lighting LED 39 1s
in the turned-oif state at the time the instruction to perform the
scanning 1s 1ssued. Accordingly, the 1mage capturing system
1 can perform the scanning to meet a user’s intention to
perform the scanning with the lighting LED 39 turned off. As
a result, the 1image capturing system 1 can meet the user’s
intention and suitably obtain a high-quality image.

Third Embodiment

While an 1mage capturing system 1 according to a third
embodiment has almost the same configuration as that of the
image capturing system 1 according to the second embodi-
ment, the 1mage capturing system 1 has a feature such that
when 1t1s determined that there 1s not the non-readable region
62 at the time the lighting LED 39 1s turned on, the scanning,
operation 1s performed maximizing amount of light of the
lighting LED 39. Since the other configurations are the same
as those of the second embodiment, the description thereof
will not be presented, and the same reference numerals will be
assigned thereto.

Similar to the image capturing system 1 according to the
second embodiment, the image capturing system 1 according,
to the third embodiment imncludes the smartphone 2 and the
lighting device 3, on which the smartphone 2 can be placed.
The lighting device 3 includes the lighting LED 39 that 11lu-
minates the medium 1nstallation face 5. The smartphone 2,
which 1s a constituent of the image capturing system 1,
includes the image capturing umit 21, the communication unit
22, the image processing unit 23, the recording unit 24, the
non-readable area determining unit 25, and the CPU 28. The
lighting device 3 1s equipped with a communication unit 45,
the scan switch 36, the lighting switch 37, the power switch
38, and the control unit 40. The power switch 38 1s connected

to an AC adaptor which 1s connected to an external power
source.

In the 1image capturing system 1 according to the third
embodiment, the control unit 40 includes a MPU 42 and the
LED driver 41, and the MPU 42 performs driving control for
adjusting the amount of light of the lighting LED 39 through
the LED driver 41. The light control unit 40, adjusting the
amount of light of the lighting LED 39, adjusts the amount of
light through pulse width modulation (PWM) control.

More specifically, the control unit 40 1s configured to be
capable of changing the amount of light of the lighting LED
39 by changing the ratio between the On and Off states of a
switch (not illustrated) 1n a power supply circuit for supplying
clectric power to the lighting LED 39 1n a period of a prede-
termined frequency. In other words, by changing a duty ratio
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which 1s a ratio of a time during which the switch 1s closed to
one period, the amount of light of the lighting LED 39 1s
changed.

For example, 1n a case where a current to the lighting LED
39 1s continuously shut oif by continuously opening the
switch 1n one period, the duty ratio 1s 0%. On the other hand,
in a case where a current continuously tflows through the
lighting LED 39 by continuously closing the switch 1n one
period, the duty ratio 1s 100%. As described above, 1 the
PWM control process, by changing the opening/closing time
of the switch 1n one period, the duty ratio 1s changed, whereby
a time during which the current tflows through the lighting
LED 39 1n one period 1s changed. Accordingly, the light
emission time of the lighting LED 39 in one period 1s changed
in accordance with the duty ratio.

Meanwhile, electric power supplied from the external
power source via the AC adapter 50 1s mput to an electrical
circuit with a constant voltage regardless of elapse of time. In
a case where the PWM control process 1s performed, the
PWM output 1s made only for a time corresponding to the
duty ratio for an elapse of time in each period of the PWM
control process to an input from the external power source.
Accordingly, the light emission time of the lighting LED 39
per unit time 1s changed 1n accordance with the duty ratio, and
therefore, the amount of light per unit time 1s changed. The
image capturing system 1 according to the third embodiment
performs driving control for adjusting the amount of light of
the lighting LED 39 through PWM control 1n this manner.

The 1mage capturing system 1 according to the third
embodiment 1s configured as described above. Heremafter,
operations of the image capturing system 1 according to the
third embodiment are described. Similar to the lighting
device 3 of the image capturing system 1 according to the
second embodiment, the lighting device 3 constituting the
image capturing system 1 according to the third embodiment
can be used as the lighting stand. In the 1mage capturing
system 1, when performing scanning of the medium 6 placed
on the medium 1nstallation face 5, the scanning operation 1s
started by depressing the scan switch 36 1n a state where the
medium 6 1s placed on the medium 1nstallation face 5.

When scanning 1s started, as 1in the image capturing system
1 according to the second embodiment, the lighting state of
the lighting L. JD 39 1s checked. When the lighting LED 39 15
in the turned-oil state, the medium 6 1s scanned with the
lighting LED 39 maintained in the turned-oil state. When the
lighting LED 39 1s in the turned-on state, whether or not there
1s the non-readable area 62 1s determined.

When 1t 1s determined that there 1s not the non-readable
area 62 with the lighting L ED 39 1n the turned-on state, a duty
ratio of the PWM control for the lighting LED 39 1s set to
100%, and scanning 1s performed with the lighting LED 39 I1t
at 1ts maximum amount of light. Thus, when 1t 1s determined
that there 1s not the non-readable area 62, the image capturing,
system 1 scans the medium 6 1n an optimal environment
created by the lighting LED 39 such that the medium 6 1n the
photographed area 7 1s photographed with the lighting LED
39 Iit at 1ts maximum amount of light, and the 1mage data 60
1s stored 1n the recording unit 24 of the smartphone 2.

On the other hand, when 1t 1s determined that there 1s the
non-readable area 62 in the turned-on state of the lighting
LED 39, the medium 6 1s photographed after the lighting LED
39 1s turned off. Consequently, scanning of the medium 6 1s
performed such that the image capturing system 1 photo-
graphs the medium 6 where the non-readable area 62 1s not
generated and stores the image data 60.

Next, a control sequence of the image capturing system 1
that performs scanning with the lighting LED 39 Iit at its
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maximum amount of light when 1t 1s determined that there 1s
not the non-readable area 62 1s explained. FIG. 12 15 a flow-
chart of the control sequence for scanning a medium 1n the
image capturing system 1 according to the third embodiment.
When performing the scanning of the medium 6 by the image
capturing system 1, the scan switch 36 1s turned on by press-
ing the scan switch 36 when the power switch 38 1s on (Step
ST301). When the control unit 40 detects that the scan switch
36 1s turned on, a scan-start instruction 1s i1ssued from the
lighting device 3 to the smartphone 2 by performing commu-
nication between the communication unit 45 of the lighting
device 3 and the communication unit 22 of the smartphone 2.
Upon receiving the scan-start istruction, the smartphone 2
activates the image capturing unit 21 and starts photograph-
ng.

When the scan switch 36 1s turned on, in the lighting device
3, whether or not the lighting LED 39 15 on 1s determined
based on a control state of the lighting LED 39 by the LED
driver 41 (Step ST302). When 1t 1s determined that the light-
ing LED 39 1s not on (No 1n Step S1302), the smartphone 2
photographs the photographed area 7 with the lighting LED
39 in the turned-off state (Step ST303). Consequently, the
smartphone 2 obtains the image data 60 representing the
medium 6 where the non-readable area 62 1s not generated.

On the other hand, when 1t 1s determined that the lighting
LED 39 1s on (Yes 1n Step ST302), the non-readable area
determining unit 25 determines whether or not there 1s the
non-readable area 62 based on the image data 60 obtained by
the smartphone 2 that has started photographing (Step
ST304).

When 1t 1s determined that there 1s the non-readable area 62
(Yes 1n Step ST304), the lighting LED 39 1s turned off (Step
ST305). The smartphone 2 photographs the photographed
area 7 with the lighting LED 39 1n the turned-oif state (Step
ST306). Consequently, the smartphone 2 obtains the image
data 60 of the medium 6 where the non-readable area 62 1s not
generated because the lighting LED 39 1s off.

When 1t 1s determined that there i1s not the non-readable
area 62 (No 1n Step ST304), the amount of light of the lighting
LED 39 1s set to 1its maximum amount of light (Step ST307).
More specifically, the smartphone 2 transmits an 1nstruction
signal, which instructs that the amount of light of the lighting
LED 39 be maximized, to the lighting device 3 via wireless
communication between the communication unit 22 of the
smartphone 2 and the communication unit 45 of the lighting
device 3. The lighting device 3, upon receiving this mstruc-
tion signal, performs driving control of the lighting LED 39
by setting the duty ratio of the PWM control to 100% using
the LED driver 41. Consequently, the lighting LED 39 1s lit at
its maximum amount of light.

After the lighting LED 39 1s 11t at 1ts maximum amount of
light, the smartphone 2 photographs the photographed area 7
illuminated with the maximum amount of light (Step ST306).
Consequently, the smartphone 2 obtains the 1image data 60 of
the medium 6, on which the non-readable area 62 1s not
generated and which 1s 1lluminated with light of the maxi-
mum quantity emitted from the lighting LED 39.

After the photographing 1s performed as described above,
the lighting state of the lighting LED 39 1s reset to 1ts original
state, at which the determination as to whether or not there 1s
the non-readable area 62 has been made 1n Step ST304 (Step
ST308). More spec1ﬁcallyj when the lighting LED 39 has
been turned ofl 1n Step ST303, the lighting LED 39 1s lit with
previous amount of light which is the amount of light before
the lighting LED 39 1s turned off. When the amountof 11 ght of
the lighting LED 39 has been adjusted to its maximum
amount of light (Step ST307), the amount of light of the
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lighting LED 39 1s reset to 1ts prior amount of light which 1s
the amount of light before adjustment of the amount of light
of the lighting LED 39 1s performed.

After the lighting LED 39 1s reset to 1ts original state, image

data 60 of the photographed 1image 1s stored 1n the recording
unit 24 of the smartphone 2 (Step ST309). When it 15 deter-
mined that the lighting LED 39 1s not on (No 1n Step ST302)
and thereafter the image of the medium 6 1s obtained by
photographing the photo graphed area 7 with the lighting LED
39 1n the turned-oif state (Step ST303), the image data 60 of
this image 1s also stored 1n the recording unit 24 of the smart-
phone 2 (Step ST309). After the image data 60 1s stored,
control exits from this one cycle of the control sequence.
In the 1image capturing system 1, the smartphone 2 and the
lighting device 3 perform linked operation by repeating the
cycles of these control sequences while carrying out commu-
nication between the smartphone 2 and the lighting device 3.
By operating in such a manner, the image capturing system 1
scans the medium 6 placed on the medium 1nstallation face 5
and stores the 1mage data 60 1n the smartphone 2.

The mmage capturing system 1 according to the third
embodiment performs scanning by setting the duty ratio of
the PWM control for the turned-on state of the lighting LED
39 to 100%, when 1t 1s determined that there 1s not the non-
readable area 62. Accordingly, when there 1s not the non-
readable area 62, the scanning can be performed 1n a more
appropriate photographing condition. As a result, a high-
quality 1image can be suitably obtained more reliably.

Modifications

In the image capturing system 1 described above, the
image capturing system 1 performs photographing to gener-
ate the 1mage data 60 to be stored 1n the scanning operation
only once per scan. Alternatively, photographing may be per-
formed a plurality of times per scan. FIG. 13 is a flowchart of
a control sequence for performing photographing a plurality
of times 1n a modification of the image capturing system
according to the first embodiment. As a procedure for per-
forming photographing a plurality of times per scan, as shown
in FIG. 13, when the non-readable area determinming unit 235
determines that there 1s the non-readable area 62 with the
lighting LED 39 in the turned-on state (Yes 1in Step ST104),
the smartphone 2 photo graphs the photographed area 7 with
the lighting LED 39 in the turned-on state (Step ST401).
Consequently, the smartphone 2 obtains the 1 Image data 60 of
the medium 6 on which the non-readable area 62 1s generated
by specular reflection of light emitted from the lighting LED
39.

After photographing the medium 6 where the non-readable
area 62 1s generated, the image data 60 obtained by photo-
graphing the medium 6 1s stored 1n the recording unit 24 of the
smartphone 2 (Step ST402). Thereaftter, the lighting LED 39
1s turned off (Step ST106). The smartphone 2 photographs the
medium 6 where the non-readable area 62 1s not generated
(Step ST107). After the lighting state of the lighting LED 39
1s reset to original state which 1s a state when the scanning 1s
started (Step ST108), the image data 60 obtained by photo-
graphing the medium 6 where the non-readable area 62 1s not
generated 1s stored 1n the recording unit 24 of the smartphone
2 (Step ST109).

When photographing 1s performed a plurality of times per
scan, when the non-readable area determining unit 25 deter-
mines that there 1s the non-readable area 62, by performing,
the scannming both 1n the turned-on state and in the turned-oif
state of the lighting LED 39, both the image data 60 of the
turned-on state and the image data 60 of the turned-oif state
may be stored. This allows, 1 a situation where the non-
readable area 62 1s generated, a user to obtain both 1mages
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with the lighting LED 39 1in the turned-on state and 1mages
with the lighting LED 39 1n the turned-oif state. Accordingly,
the user can use a selected one of the images of the medium 6.
As a result, 1n a situation where the non-readable area 62 1s
generated, a user can suitably obtain an 1image preferred by
the user.

In the 1image capturing system 1 described above, when the
non-readable area 62 1s generated by light emitted from the
lighting LED 39, the lighting LED 39 is turned off, thereby
performing photographing in a state where the non-readable
area 62 1s not generated. However, when the non-readable
area 62 1s generated, the 1mage capturing system 1 may be
modified so as to notice the user that the non-readable arca 62
1s generated so that the user can confirm a state of lighting set
during photographing.

FIG. 14 1s a functional block diagram of a modification of
the 1mage capturing system according to the first embodi-
ment, where the modification includes a notifying unit. As the
notifying unit, which notifies a user that there 1s the non-
readable area 62 on a photographed image of the medium 6
obtained by the smartphone 2, a display 85 provided 1n the
smartphone 2 may be used. The display 85 1s connected to the
CPU 28 and capable of displaying a notification, based on a
signal fed from the CPU 28, that there 1s the non-readable area
62 when the non-readable area determining unit 25 deter-
mines that there 1s the non-readable area 62 1n the 1mage data
60.

The smartphone 2 1includes a lighting-choice determining,
umt 80 as a unit to confirm user’s choice of lighting state
when performing the photographing, when the notification
that there 1s the non-readable area 62 1s notified to the user.
The lighting-choice determining unit 80 1s configured to be
capable of determining, after the notification that there is the
non-readable area 62 1s notified, the user’s choice whether the
lighting LED 39 is turned off or not when performing the
photographing, based on an input entered by the user from a
touch panel 86 on the display 85. The lighting-choice deter-
mining unit 80 and the touch panel 86 are connected to the
CPU 28 and configured to be capable of communicating an
input signal, which derives from user input to the touch panel
86, and information about user’s choice about the lighting
LED 39 with the CPU 28.

FIG. 15 1s a flowchart of a control sequence for notifying,
that a non-readable area 1s generated 1n a modification of the
image capturing system according to the first embodiment. As
a procedure to notily, when the non-readable area 62 1s gen-
crated, that the non-readable area 62 1s generated, as shown 1n

FIG. 15, when the non-readable area determining unit 25
determines that there 1s the non-readable area 62 with the
lighting LED 39 in the turned-on state (Yes i Step ST104), a
dialog box 1s displayed (Step ST451). More specifically, a
notification 1s delivered to a user by displaying a dialog box
on the display 85 and indicating, in the dialog box, that the
non-readable area 62 1s generated on an 1image photographed
by the image capturing unit 21 with the lighting LED 39 in the
turned-on state.

In this dialog box, not only the notification that the non-
readable area 62 1s generated but also a dialog confirming the
user’s choice whether or not to perform photographing with
the lighting LED 39 off are displayed. The smartphone 2,
which has displayed the dialog to confirm the user’s chmce
whether or not to perform photographing with the lighting
LED 39 off, enters a state waiting for user’s selection. The
selection as to whether or not to turn off the lighting LED 39
1s entered by operating the touch panel 86 on the display 85.

In a state where the dialog 1s displayed 1n the dialog box on
the display 85, when the user enters an mput from the touch
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panel 86, whether or not the user selects photographing with
light off, that 1s, whether or not the user intends photograph-
ing with light off 1s determined (Step ST4352). The determi-
nation 1s made by the lighting-choice determining unit 80 of
the smartphone 2 based on information about the input
entered from the touch panel 86. More specifically, the light-
ing-choice determimng unit 80 determines whether or not
photographing with the lighting LED 39 oif 1s selected based
on the mformation about the mput entered from the touch
panel 86.

If the lighting-choice determiming unit 80 determines that
the user desires photographing with the lighting LED 39

turned off (Yes 1 Step ST452), the lighting LED 39 1s turned
off (Step ST106). The smartphone 2 photographs the medium
6 where the non-readable area 62 1s not generated (Step
ST107).

On the other hand, when the lighting-choice determining,
unit 80 determines that the user does not intend to perform
photographing with the lighting LED 39 turned oif (No in
Step ST452), the lighting LED 39 1s turned on. The smart-

phone 2 photographs the photographed area 7 where the
non-readable area 62 1s generated by specular reflection of
light emitted from the lighting LED 39 (Step ST105). After
the lighting state of the lighting LED 39 is reset to 1ts original
state which 1s pre-scan state (Step ST108), the 1mage data 60
obtained by photographing with the lighting LED 39 1n the
turned-oif state or the image data 60 obtained by photograph-
ing with the lighting LED 39 1n the turned-on state 1s stored 1in
the recording unit 24 of the smartphone 2 (Step ST109). After
the lighting state of the lighting LED 39 1s reset to 1ts previous
state which 1s a state when the scanming 1s started (Step
ST108), the image data 60 obtained by photographing the
medium 6 with the lighting LED 39 in the turned-off state, or
image data 60 obtained by photographing the medium 6 with
the lighting LED 39 1n the turned-on state 1s stored in the
recording umt 24 of the smartphone 2 (Step ST109).

As described above, when the non-readable area determin-
ing unit 23 determines that there 1s the non-readable area 62,
the notification unit notifies that there 1s the non-readable area
62 1n an 1mage of the medium 6 obtained by photographing
with the lighting LED 39 in the turned-on state using the
display 85. Accordingly, in a situation where the non-read-
able area 62 1s generated when performing photographing, a
user can select a lighting state of the lighting LED 39.

In this modification, for example, even when there 1s the
non-readable area 62 in the image data 60, and 11 a portion at
which the non-readable areca 62 1s generated 1s a portion
which includes information unnecessary for the user, by per-
forming photographing with the lighting LED 39 1in the
turned-on state, information contained in portion other than
the non-readable area 62 can be obtained with a sharp image
quality.

Meanwhile, the non-readable area 62 1s not always gener-
ated on the medium 6. For instance, in a case where the
medium 1nstallation face 5 1s glossy, the non-readable arca 62
can be generated on the medium 1nstallation face 5. Even 1n
such a case, the modification allows obtaiming a sharp-quality
image by photographing the medium 6 with the lighting LED
39 maintained 1n the turned-on state.

The notitying unit that notifies a user that there is the
non-readable area 62 on an 1mage of the medium 6 obtained
by photographing by the smartphone 2 1s not limited to the
display 85. For example, a loudspeaker provided 1n the smart-
phone 2 may be used as the notifying unit. In this case,
notification that there 1s the non-readable area 62 can be
notified as voice or alarm sound from the loudspeaker.
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The notifying unit may be arranged on the lighting device
3. In this case, when the non-readable area determining unit
25 of the smartphone 2 determines that there 1s the non-
readable area 62, a signal indicative thereof 1s transmitted
from the smartphone 2 to the lighting device 3 by wireless
communication, so that a notification 1s delivered or notified
by the notitying umt of the lighting device 3. The lighting-
choice determining unit 80 may be arranged on the lighting
device 3 as well. Because the smartphone 2 and the lighting
device 3 can transmit information to each other by wireless
communication, 1t 1s preferred that the notifying unit and the
lighting-choice determining unit 80 are arranged for conve-
nience of a user depending on how the 1image capturing sys-
tem 1 1s used.

In the image capturing system 1 described above, the deter-
mination as to whether or not there 1s the non-readable area 62
1s made by transforming the image data 60 obtained by the
smartphone 2 mto the YCbCr color space (format) and deter-
mining whether or not the quantity of pixels of Y=255 makes
up o % or more of pixels in the image data 60. Alternatively,
the determination may be made by another method. For
instance, the determination as to whether or not there 1s the
non-readable area 62 may be made based on a size of aregion
of pixels of Y=255.

Specifically, with respect to the image data 60 obtained by
photographing with the lighting LED 39 1n the turned-on
state, the 1image data 60 1s binarized and goes through a
labelling process by using the luminance value Y=235 as a
threshold value, thereby 1solating regions each of which 1s
made up of a plurality of “luminance Y=235" pixels. After the
labeling process, a label (labelled region) made up of a pre-
determined number of pixels or more 1s determined as the
non-readable area 62. When there 1s any region determined as
the non-readable area 62 in the image data 60, 1t 1s determined
that the non-readable area 62 1s generated. By making the
determination as to whether or not there 1s the non-readable
area 62 based on a size of a region made up of a plurality of
“luminance Y=2355" pixels in this manner, the determination
as to whether or not the non-readable area 62 1s generated by
light emitted from the lighting LED 39 can be made more
accurately.

Further alternatively, the determination as to whether or
not there 1s the non-readable area 62 may be made by a
method other than methods based on “luminance Y=2355"
pixels. For instance, there can be a situation where, rather than
apparent specular reflection of light emitted from the lighting
LED 39, uneven distribution of light amount occurs 1n such a
manner that only a portion near an optical axis of the lighting
LED 39 on the medium 6 1s dimly bright with higher lumi-
nance. In this case, values of the luminance Y in this portion
do not become 255. Accordingly, 1n a situation where such
uneven distribution of light amount can occur, a parameter
other than the luminance Y may preferably be used to deter-
mine whether or not there 1s the non-readable area 62. For
instance, there may be employed a method of extracting an
image obtained with only illuminating light emitted from the
lighting LED 39, and determining whether or not there 1s the
non-readable area 62 based on this image of only the 1llumi-
nating light from the lighting LED 39.

FIG. 16 1s an explanatory diagram of an image including a
portion where uneven distribution of light amount occurs
(heremaiter, uneven-light amount portion). FIG. 17 1s an
explanatory diagram of amount of light obtained from a pho-
tographed 1mage. When extracting an image obtained with
illuminating light emaitted from the lighting LED 39, at a
predetermined scan position 92 of image data 90 which 1s data
of an 1mage photographed with the lighting LED 39 1n the
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turned-on state (hereinafter, light-on 1mage data 90), light
amount, or amount of light, 1s obtained based on the light-on
image data 90. The light amount obtained at this stage 1s light
amount of total light 95 which 1s a sum of the i1lluminating
light from the lighting LED 39 and ambient light 96 being
incident on the photographed area 7 from the background, or
environment, of the image capturing system 1. In the total
light 95, light amount varies in response to the uneven-light
amount portion 91, when the uneven distribution of light
amount generated based on illuminating light from the light-
ing LED 39 is generated on the scan portion 92 of light-on
image data 90, as the uneven-light amount portion 91. More
specifically, regarding the light amount of the total light 95,
light amount at the uneven-light amount portion 91 1s higher
than light amount 1n the other portion on the scan position 92.

FIG. 18 1s an explanatory diagram ol an image photo-
graphed with the lighting LED 39 turned off. After obtaining
the light amount of the total light 95 1n the turned-on state of
the lighting LED 39, at the scan position 1n image data 94 of
an 1mage photographed with the lighting LED 39 1n the
turned-oif state (hereinafter, light-oif image data 94), light
amount 1s obtained based on the light-off image data 94. The
scan position 92 1s on the same position as that 1n the light-on
image data 90 from which the light amount of the total light
935 15 obtained. Since the light amount obtained based on the
light-off 1image data 94 does not include light amount of the
1lluminating light from the lighting LED 39, the light amount
1s of only the ambient light 96 being incident on the photo-
graphed area 7 from the environment of the 1mage capturing
system 1. The light amount of the ambient light 96 does not
include the light amount of the uneven-light amount portion
91. The light amount of the ambient light 96 as a whole 1s
lower than the light amount of the total light 95 at every point.

When the light amount of the total light 95 and the light
amount of the ambient light 96 have been obtained as
described above, the difference between these light amounts
are calculated. The light amount obtained as the diflerence 1s
a difference between the light amount of the total light 95, into
which the 1lluminating light from the lighting L ED 39 and the
ambient light 96 are combined, and the light amount of the
ambient light 96, therefore, the light amount obtained as the
difference equals to the light amount of self-1lluminating light
97 which 1s emitted light from the lighting LED 39. In other
words, the light amount of the self-illuminating light 97 are
light amount of light emitted onto the scan position 92 1n a
state where the lighting LED 39 i1s on. The uneven-light
amount portion 91 results from magnitude of the light amount
of the self-1lluminating light 97 or distribution of the light
amount of the self-1lluminating light 97. For this reason, the
determination as to whether or not there 1s the non-readable
area 62 may preferably be made based on the self-1lluminat-
ing light 97 obtained as described above.

For example, the determination may be made based on,
whether or not the light amount of the self-1lluminating light
977 1s equal to or lower than a predetermined threshold value.
More specifically, when the light amount of the self-1llumi-
nating light 97 includes a light amount higher than the thresh-
old value, 1t 1s determined that there i1s the uneven-light
amount portion 91, and, accordingly, it 1s determined that
there 1s the non-readable area 62.

Alternatively, there may be employed another method for
determining whether or not the non-readable area 62 1s gen-
erated based on the light amount of the self-1lluminating light
97. For example, the determination may be made based on
whether or not width between peaks of the light amount of the
self-1lluminating light 97 1s equal to or lower than a predeter-
mined threshold value. More specifically, the difference
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between a light amount at a point where the light amount of
the self-1lluminating light 97 1s the highest and that at a point
where the light amount of the self-1lluminating light 97 1s the
lowest exceeds the predetermined threshold value, the non-
readable area determining unit 235 determines that there 1s the
uneven-light amount portion 91 and, consequently, the non-
readable area determining unit 235 determines that there 1s the
non-readable area 62.

As described above, whether or not the non-readable area
62 1s generated may be determined based on the light amount
of the self-1lluminating light 97 that are obtained from the
light-on 1image data 90 and the light-oif image data 94, which
are obtained with the lighting LED 39 turned on and off,
respectively. Making the determination using such a method
enables to determine whether or not the non-readable area 62
1s generated when the lighting LED 39 1s turned on, appro-
priately, even when the medium 6 1s of a material on which
luminance does not become extremely high locally and
uneven-light amount portion 91 1s generated when the light-
ing LED 39 i1s in the turned-on state, such as a semi-glossy
medium.

In the image capturing system 1 described above, the
image data 60 obtained by photographing using the smart-
phone 2 1s stored 1n the recording unit 24 of the smartphone 2.
Alternatively, the 1image data 60 may be stored in storage
other than that of the smartphone 2. For example, after pho-
tographing 1s performed by the smartphone 2, the image data
60 may be transferred to the lighting device 3 and stored in the
lighting device 3. Further alternatively, the image data 60 may
be transierred to an external server and stored in the external
SErver.

In the image capturing system 1 described above, the
smartphone 2 1s used as the image capturing device that
photographs the medium 6 placed on the medium installation
face 5. Alternatively, an image capturing device other than the
smartphone 2 may be used. For example, a digital camera
capable of commumnicating with the lighting device 3 may be
used as the 1image capturing device. Any device or apparatus
capable of carrying out communication with the lighting
device 3 and performing photographing in response to a scan
trigger transmitted from the lighting device 3 can be used as
the 1mage capturing device.

According to an aspect of the present invention, an image
capturing system allows obtaiming a high-quality image
appropriately.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled 1n the art that
tairly fall withuin the basic teaching herein set forth.

What 1s claimed 1s:
1. An image capturing system comprising:
a lighting device including;:
a base unit arranged on a medium 1nstallation face on
which a medium to be read is placed;
an arm umt extending upward from the base unit;
a top unit extending from the arm unit so as to face the
medium 1nstallation face:
a lighting umt disposed 1n the top unit to irradiate the
medium 1nstallation face:
a lighting control unit configured to perform driving
control of the lighting umit; and



US 9,350,894 B2

25

a scan 1instruction unit arranged on the base unit and
configured to 1ssue an mstruction to perform scanning
to photograph the medium, and to generate image data
corresponding to the medium; and

an 1mage capturing unit configured to photograph the
medium based on the instruction to perform scanning,
the 1image capturing unit mounted on the top unit so as to
be capable of mounting or dismounting, the 1mage cap-
turing unit including:

a communication unit configured to wirelessly commu-
nicate with the lighting device; and

a non-readable area determining unit configured to
determine whether or not there 1s a non-readable area
at which information from the medium 1s unable to be

read by the image capturing unit due to reflection of
light that 1s emitted from the lighting umt and
reflected at the medium, based on an 1mage corre-
sponding to the medium obtained by photographing
the medium 1n a turned-on state of the lighting unat,
aiter the mstruction to perform scanning is 1ssued and
before the 1mage data 1s generated, wherein

when the non-readable area determining unit determines

that there 1s the non-readable area, the scanning 1s per-
formed 1n the state that there 1s not the non-readable area
in any parts of the medium by turning off the lighting
unit by the lighting control unit when the lighting unit 1s
1n a turned-on state, and

when the non-readable area determining unit determines

that there 1s not the non-readable area, the scanning 1s
performed 1n the turned-on state of the lighting unait.

2. The 1mage capturing system according to claim 1,
wherein when the 1nstruction to perform scanning 1s 1ssued in
the turned-oil state of the lighting unit, the scanning is per-
formed maintaiming the turned-off state of the lighting unit.
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3. The mmage capturing system according to claim 1,
wherein

the driving control 1s performed through pulse width
modulation (PWM) control, and

when the non-readable area determining unit determines
that there 1s not the non-readable area, the scanning is
performed with the lighting unit 11t at 100% duty ratio of
the PWM control.

4. The mmage capturing system according to claim 1,
wherein after the scanning 1s performed, the lighting control
unitresets a lighting state of the lighting unit to a lighting state
betore the scanning 1s performed.

5. The 1mage capturing system according to claim 1, fur-
ther comprising,

a notifving unit configured to notify that there 1s the non-
readable area on an 1mage corresponding to the medium
obtained by photographing with the image capturing
device, wherein

when the non-readable area determining unit determines
that there 1s the non-readable area, the notifying umit
notifies that there 1s the non-readable area 1n the 1image
corresponding to the medium obtained by photograph-
ing with the lighting unit in the turned-on state.

6. The 1mage capturing system according to claim 1,
wherein when the non-readable area determining unmit deter-
mines that there i1s the non-readable area, the scanning i1s
performed 1n the turned-on state and 1n the turned-off state of
the lighting unit, and both 1mage data obtained in the turned-
on state and 1mage data obtained in the turned-oil state are
stored.

7. The 1mage capturing system according to claim 1,
wherein responsive to the determination that there 1s the non-
readable area, the scanming 1s performed by irradiating the
medium with no light.
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